uses liquid methanol in the tank, converted to gaseous hydrogen at the engine. There is interest in this approach toward using renewable alcohol fuels, but adoption will be slow in part because of the huge investment and the infrastructure of gasoline-powered vehicles and associated technology.
Looking farther ahead for solar fuels, bacterial and microalgal techniques have demonstrated enhanced production of hydrogen gas and lipids analogous to petroleum, respectively. Advanced photoconversion methods include semiconductor devices, the photolysis of water, and photoelectrochemistry for combined power/fuel production and storage.
Because of my background in the chemical process industry, I am greatly interested in the chemical technologies that lead to renewable fuels and I am confident that their long-term potential is enormous. But the most exciting of the nearer-term solar technologies is photovoltaics. According to Paul Maycock, formerly head of the DOE photovoltaics program and now a consultant, 1983 world sales involved 20 megawatts of PV modules and arrays (about 60 percent by the United States). At $10 per watt, which is more than $200 million, and the growth curve has Wall Street excited.
Applications for these PV modules and arrays are encouraging, not just for wristwatches and pocket calculators but also for some sizable power supplies. The 1-megawatt PV power plant built by ARCO for Southern California Edison is working the way it was designed to. ARCO is constructing a 16-megawatt plant for Pacific Gas & Electric and is about to complete the first megawatt of a 100-megawatt plant for the Sacramento municipal utility district. At the consumer end of the grid, the number of residential and commercial PV installation also is growing.
In addition to "gee-whiz" applications such as solar airplanes and transcontinental solar cars, there are more practical achievements: half a million residential applications, thousands of sizable wind machines, and several honest-togoodness solar power plants using thermal and photovoltaic technologies.
The solar promise seems as great as ever. However, its coming of age is taking far longer than expected. It is fair to say that the solar timescale was generally oversold at the outset. Advocates naturally put the best possible face on solar technologies and, in their rush to deliver, made promises that far surpassed what those technologies could accomplish at that time.
Solar energy works all right, but how well does it work? The best answer to that question is: "Compared to what?" When solar is compared to conventional energy technologies in the real marketplace, its disadvantages are obvious. The two major concerns with solar technologies are costeffectiveness and performance.
The Federal Solar Heating and Cooling Demonstration Act is an example of a program that promised too much too soon.
A GAO investigation in 1979 of HUD-financed residential solar demonstrations disclosed that 52 percent of them were "either not working or experiencing operational problems." This, and other examples of poor performance resulted in large part from a lack of appreciation of the time it takes to move a new concept into the marketplace. After all, nuclear energy took 30 years-and it still has problems. Semiconductor electronics technology took about 25 years to fully establish itself. Even heat pumps, which were not that radical a departure, took about 25 years.
The second concern-cost-effectiveness-is every bit as real. Except in rare applications, solar energy BTU's and kilowatt-hours cost more than those produced by conventional energy. Too often we ignore problems in the hope that they will go away. They do not go away, of course, and generally they increase as the square of the indifference factor. Properly viewed, however, a problem is an opportunity. What we must do is correctly analyze solar's shortcomings and make improvements in three specific areas: efficiency, cost, and reliability. In each of these areas, a major part of the answer lies in the engineering of better components and systems. Efficiency is largely an engineering problem, and so are economical operation and the related requirements of reliability and lifetime.
We still have considerable work to do in transforming the solar promise to delivered solar technologies. By we, 1 mean those of us in the Federal Research Program and our subcontractors; the industrial engineering community as epitomized in ASME; and university researchers.
Engineers are in the solar spotlight now. It is they who must improve on solar thermal technologies, fuels and chemicals, and electric conversion options so that they do not just work, but work well enough to compete with existing energy technologies. There are not yet enough engineers trained in the solar technologies. This is a tough problem because it is difficult to prepare experts for a technology that still has not demonstrated broad commercial maturity.
1 know that ASME is dedicated to engineering education in the solar technologies, and I also see that interest in other areas. I am pleased to have been asked to serve on the Board of Advisors for a program called "Fellows in Renewable Energy Engineering" (FREE). Senator Spark Matsunaga, a longtime friend of solar technology, is one of my colleagues in this effort. At SERI we are pleased with our university subcontracts and with the close cooperation we have with academic researchers.
This type of cooperation is important, but the catalyst in successfully linking research, development, and commercialization is that tantalizing technique known as technology transfer. The Federal Government is strongly emphasizing this effort and we take it very seriously at SERI. I am sure you realize its special importance in the federal renewable energy research effort: all those taxpayer research dollars will have been worthwhile only when solar technology delivers a suitable energy product to the consumer at a reasonable cost.
The Future of Solar Energy
Solar energy is beginning to make an impact in the marketplace. In a recent speech, Dr. Robert San Martin, DOE's Deputy Assistant for renewable energy stated that solar energy was a $3 billion business in 1983. While this is only a fraction of the total energy market, it is like Everett Dirksen used to say-a billion here and a billion there, and pretty soon it adds up to real money! Let us round out that economic promise of solar energy with a timetable of commercial technology development. As part of our planning effort at SERI, we have gathered information on the state of technical and economic readiness of the various solar technologies. Our chronology ranges from "near-term" (to 1987); to "midterm" (those in advanced states of development and expected to be available between 1988 and 2000); and "long-term" (those that will impact the market after the year 2000). Near-Term Solar Technologies (1984 -1987 Passive heating technologies have achieved commercial readiness. Domestic hot water is commercially available, and daylighting techniques are beginning to save energy in buildings.
Active solar cooling, probably using desiccant technology, may be marketed competitively in this period.
Horizontal and vertical-axis wind systems, small machines in particular, are operating by the thousands and may be fully competitive within this period.
Photovoltaic modules are expanding their markets from remote site applications, communication equipment, and consumer products to small utility power applications.
Biomass gasifiers of 120 tons capacity (producing 18,000 gallons of methanol per day) may be producing commercial fuels toward the end of the period. My feeling is that this development should start on large farms and agricultural coops for obvious reasons of available resources and labor, plus the need for fuel for vehicles and equipment.
Midterm Technologies (1988 Technologies ( -2000 Near-term is easy to predict but longer-term development of cost-effective solar technologies obviously will depend on a number of factors in addition to engineering considerations. These factors include the availability and costs of conventional fuels, our energy needs, and the possible need for an "insurance policy" for energy sufficiency. With these qualifications, here is the way I see the midterm: Solar thermal, industrial-process heat applications will begin to move from dependence on financial incentives to compete with conventional energy technologies.
Scaled-up versions of "Solar One," perhaps 100 megawatts or more, will supply utility grids. Similar-sized solar ponds and PV power plants will produce electricity.
Land-based open-cycle OTEC plants in sizes smaller than 10 megawatts may be operating.
Midsize wind machines (200-1000 kilowatts) may have supplanted' the small machines that began wind-electric commercialization. Large wind machines (5 megawatts and above) may begin operation.
Advanced chemical and thermal conversion techniques will join gasification technologies in producing renewable fuels. These will include acid and enzymatic hydrolysis of cellulose to produce alcohol fuels, and perhaps the ablative fast pyrolysis techniques we are experimenting with now at SERI to convert powdered biomass to olefin-rich gases for alcohol fuel production.
Long-Term Technologies (Beyond 2000)
Large solar thermal and photovoltaic power plants will be operating in favorable regions with dependable insolation. Large ocean thermal energy conversion (OTEC) plants, probably open-cycle, may provide baseload electric power in favorable locations.
Photoconversion technologies will reach practical use. These include a variety of photobiological, photochemical, and photoelectrochemical devices and techniques. For example, the economical production of hydrogen by photolysis or other advanced conversion technology may be achieved. This will provide energy production as well as convenient storage. Solar fuels will be produced commercially by advanced genetic engineering techniques now in the experimental stages. This includes fermentation of lignocellulosic biomass and the enhanced production of lipids from microalgae.
Keep in mind that this is a surprise-free solar scenario. I will be very surprised if we do not encounter and profit from a real breakthrough or two along the way.
Summary
Our national energy policy plan is designed to provide an adequate supply of energy at reasonable prices. Achieving these objectives in spite of increasing population and an expanding economy, limited domestic supplies of conventional fuels, and an increasingly uncertain foreign supply, demands a mix of energy sources including renewables.
I am encouraged by the renewable-energy budget proposed for FY 1985, and by favorable signals from both the administration and the Congress with regard to the importance of these technologies to our nation's energy future.
The expertise represented by ASME in solar technologies is also a great encouragement. The Society's longstanding commitment to the development of solar technologies is crucial to the solar future. In return, solar offers much to the future of engineering.
We at SERI and the other federal laboratories involved in solar research look forward to an increasingly productive long-term association with ASME in achieving the full promise of solar energy. 
